Electroporation of tissue and cells: A three-equation model of drug delivery.
The exposure of the cell membrane to electric pulses of sufficient intensity is known to result in an increased permeability due to the formation of microscopic pores. This is electroporation, and it has been implemented to increase the efficacy of targeted drug delivery. In this study we introduce a novel three-equation model of transport that is able to distinguish the drug uptake in reversibly electroporated cells from that in irreversibly electroporated cells. In order to relate the permeability increases and the cell survival to the local electric field, sigmoidal functions are fit to published experimental data. The resealing of reversibly electroporated cells is also considered. A numerical study is presented that considers two different electrode configurations with different initial drug distributions. This model is able to capture the existence of an optimal applied voltage, above which any increases in voltage act to decrease the total drug delivery to the surviving cells, illustrating the competing influences of increased cell permeability and decreased cell survival.